The elastic scattering angular distributions of the weakly bound nucleus 8 Li on 7 Li, 9 Be, 12 C, 13 C, 14 N, 27 Al, 51 V, 58 Ni, and 208 Pb are analyzed at various incident energies. For this purpose, the real potential is generated for nine different density distributions of the 8 Li nucleus by using the double folding within the optical model. The theoretical results are in good agreement with the experimental data. In our study, also, new and practical sets of imaginary potentials for the investigated densities are derived.
Introduction
From past to present days, determining the density distributions of nuclei has always been one of the main subjects in the field of nuclear physics. In this context, with the improvement of computational techniques, different approaches are applied to determine the density distributions of nuclei. Density distributions have been widely used to explain the structure of the nucleus, to determine nuclear potential and to investigate the nucleus-nucleus interactions [1] [2] [3] [4] [5] [6] [7] [8] . There are various experimental and theoretical distributions in the literature. In this sense, it is known that the Fermi type density distribution gives good results for the charge densities of heavy nuclei while the gaussian density distribution is more convenient for the charge densities of light nuclei [9] . However, this is not a general approach that can be applied to every reaction at any energy. For this reason, investigation of density distributions of nuclei is still one of the most active topics in nuclear physics. Thus, it will be important to see the effectiveness of different density distributions in explaining the nuclear interactions. 8 Li, which has a very short half-life (838 ms) [10] , the first excited state at 0.980 MeV [10] , and the 1n separation energy at 2.033 MeV [11] , is an interesting test case in nuclear structure, nuclear reactions, and astrophysics. In this respect, 8 Li is an important tool in the subsequent synthesis of heavier elements [10] , to obtain seed nuclei for the rprocess in Type II supernovae [12] , and in inhomogeneous big bang nucleosynthesis [13] . Many studies have been performed both experimentally and theoretically on the 8 Li nuclear interactions. Among all the possible reaction channels, elastic scattering has a particular importance. In this sense, Howell et al. [14] In addition to all these studies, some works have been also undertaken to investigate the density distributions of the 8 Li nucleus. Dobrovolsky et al. [19] determined the density parameters of the 6, 8, 9, 11 Li nuclei. The elastic scattering angular distributions of 8 Li from different targets have been studied by using the gauss-gauss density distribution [20] . A different density distribution of 8 Li has been obtained by means of the variational Monte Carlo calculations (VMC) [21] . In addition to all these findings, the new density distributions of 8 Li nucleus can also be determined by using different approaches. For example, Dhiman [22] has determined different densities for the 56 Ni nucleus. Thus, we consider that new density distributions of 8 Li would be determined in terms of these approaches.
In the present study, we extend the theoretical analysis carried out in Ref. [20] 8 Li nucleus. Some of these density distributions are reported for the first time this work while others are available in the literature. Then, we compare the theoretical results with the experimental data. Thus, a relative evaluation of the effects of the density distributions on the scattering cross sections of 8 Li is provided. We also develop new imaginary potential sets by using the parameters determined from the theoretical analysis of each density distribution.
Section 2 describes the theoretical formalism used in the calculations. Section 3 shows the results and discussion for the reactions and densities analyzed. Section 4 provides a brief summary and conclusions.
Theoretical Formalism

Model
The theoretical calculations of the elastic scattering angular distributions of the 8 Li nucleus by different light, medium and heavy mass target nuclei are carried out in terms of the optical model. The real potential for the optical model is calculated by using the double folding model that needs the density distributions of projectile and target nuclei together with an effective nucleon-nucleon interaction potential (ν N N ). Thus, the double folding potential can be parameterized by
where ρ P ( − → r 1 ) and ρ T ( − → r 2 ) are the densities of projectile and target nuclei, respectively. The ν N N is considered as the M3Y nucleon-nucleon (Michigan 3 Yukawa) realistic interaction displayed by [23] ν N N (r) = 7999 exp(−4r) 4r − 2134 exp(−2.5r) 2.5r
where J 00 (E) is the exchange term given by
The imaginary part of the optical potential was assumed to have a Woods-Saxon shape
where A P and A T are the mass numbers of projectile and target nuclei, respectively. The code FRESCO [24] is used in the theoretical calculations.
Parametrization of density distributions of 8 Li projectile
In the analysis, nine different density distributions both phenomenological and microscopical are used. Eight densities are evaluated phenomenologically while one density distribution is investigated microscopically. The necessary information on all density distributions is given in the following subsections.
The Variational Monte Carlo (VMC) density distribution
The VMC approach is applied to construct a variational wave function. 8 Li density obtained by means of the VMC calculations using the Argonne v18 (AV18) two-nucleon and Urbana X three-nucleon potentials (AV18+UX) has been calculated by Pieper et al. [25] . This density distribution is marked as AV18 in our work.
The Gaussian-Oscillator (GO) density distribution
In this approach, the 8 Li nucleus is considered to be composed of 7 Li and n. Thus, the GO density distribution is the sum of the core ( 7 Li) and valence (n) densities shown as
While the core density is assumed as the gaussian function given by
the 1n valence density is accepted as the 1p-shell harmonic oscillator density presented by
where R c and R v are the root mean square (rms) radii of the core and valence nucleon distributions, respectively. In our calculations, the values of R c and R v are taken as 2.47 fm and 2.62 fm, respectively [19] . The total matter distribution ρ m , normalized to unity [26] , is in the following form
where N c and A are the number of nucleons in the core and the mass number, respectively. This density distribution is shown as GO in our work.
Gaussian-Halo (GH) density distribution
Another possible parameterization of the density of the 8 Li projectile is the GH density distribution written as
where
α is a parameter in the range 0 ≤ α ≤ 0.4. R m is the matter radius of the nucleus. The values of R m and α are taken as 2.53 fm and 0.02 fm, respectively. This density is indicated as GH in our work.
Symmetrized-Fermi (SF) density distribution
The SF density, which is the fourth density distribution used in our work, is parameterized by
where R 0 and a is the half-density radius and diffuseness parameter, respectively. R 0 and a values are taken as 2.24 and 0.48, respectively [19] . This density distribution is displayed as SF in our work.
Gupta 1 density distribution
The two parameter Fermi (2pF) density is given by
where ρ 0i (the central density) is in the following form
where R 0i is half-density radius, and a i is the surface thickness parameter. Gupta et al. [27] determined R 0i and a i parameters as [28] R 0i = 0.90106 + 0.10957A i − 0.0013A This density is marked as G1 in our work.
Gupta 2 density distribution
Gupta et al. [29] reported also different values of R 0i and a i parameters as
This density distribution is shown as G2 in our work.
Ngô -Ngô density distribution
The Ngô -Ngô density distribution is assumed in the Fermi form shown by [30, 31] 
C is the central radius
with
The sharp radii of a neutron and a proton are taken as
with r 0n = 1.1375 + 1.875 × 10 −4 A r 0p = 1.128 fm. (23) This density distribution is marked as Ngo in the present study.
Schechter density distribution
Schechter et al. [32] obtained the Fermi parameters as
This density distribution is displayed as S in our work.
Moszkowski density distribution
The last density distribution analyzed in our work is the Moszkowski density in the Fermi form [33] . This density accepts the parameters of Fermi density as
The Moszkowski density is marked as M in this study.
Results and Discussion
In the present study, the double folding model analysis is performed for nine different density distributions (AV18, GO, GH, SF, G1, G2, Ngo, S, M) of the 8 Li nucleus. The density distributions for these approaches are compared one to another in Fig. 1 . Also, the root mean square (rms) radii of the examined densities are given in comparison with literature values in Table I . The largest radii are found for S and M densities, while the smallest radii are obtained for G1 and G2 densities. Also, we notice that the rms values of G1 and G2 densities are too far from the other densities and literature rms values, whereas the other rms results are in the range of literature values. The real potentials are produced by using AV18, GO, GH, SF, G1, G2, Ngo, S, M densities while the imaginary potentials are determined as Woods-Saxon potential. In order to determine the optical potential parameters, the initial values of the depth (W 0 ), the radius (r w ) and the diffusion (a w ) parameters of the imaginary potential are assumed as the values given in Ref. [20] . Then, to obtain better agreement with the experimental data, the test calculations are performed at step intervals of 0.1 and 0.01 fm. It is conceived that the parameters of the previous work [20] are suitable for our analysis. Thus, the r w and a w values of the imaginary potential are taken as 1.34 fm and 0.90 fm in all theoretical calculations, respectively. Thus, the normalization value and the imaginary depth are freely varied in the analysis.
The theoretical analysis related to the 8 Li projectile is carried out through the experimental data available in the literature. With this goal, nine different target nuclei like 7 Figs. 2-5 . However, the experimental data on light nucleus reactions have an oscillatory structure, especially for 8 Li + 13 C reaction. Therefore, it is very difficult to achieve perfect agreement results with the ex-FIGURE 2. The elastic scattering angular distributions for AV18, GO, GH, SF, G1, G2, Ngo, S, M density distributions of the 8 Li + 7 Li reaction at E Lab = 11 MeV in comparison with the experimental data. The experimental data are taken from Ref. [14] . 19.6, and 27 MeV. The experimental data are taken from Refs. [10, 11, 15] .
periment data. We think that the calculations including more interactions such as coupled channels may provide better results. Despite the limited number of experimental data points, the agreement between theoretical results and experimental data is quite good.
Finally, as heavy nucleus reaction, the angular distributions of 8 Li + 208 Pb elastic scattering are analyzed at incident energies of 25.3, 28.6, 30.0, 31.7 and 34.3 MeV. It is observed that our theoretical results describe well the experimental data, which are shown in Fig. 8 .
We display N R values versus E/A P for the density distributions examined with this study in Fig. 9 . They are grouped into light ( 7 Li, 9 Be, 12 C, 13 C, 14 N, 27 Al), medium ( 51 V, 58 Ni) and heavy ( 208 Pb) nuclei. The normalization constant (N R ) is applied to get good agreement results with the experimental data in the theoretical calculations based on the double folding model. It is assumed that N R ≈ 1 shows the success of the theoretical results. If N R value deviates from unity, it is considered as the uncertainty or oddities in the experimental data or to the fitting of the theoretical calculations [23] . We notice that the theoretical results are sensitive to the N R values according to the reaction type, density and energy. In general, we observe that the N R values of reactions on light and medium mass targets are around unity. However, this sensitivity increases for some density parameterizations. We observe that the theoretical results for reactions on heavy target do not change much according to the N R value. Therefore, we take N R = 1 for heavy mass reactions.
The total reaction cross-section (σ R ) is one of the important reaction observables. Different approaches or models are commonly used to calculate the cross-sections of the investigated reactions. In this context, the close-fitting crosssections for different approaches may be an indication that the experimental data are well reproduced. The σ R values for all the densities are listed as compared with the literature in Table II . We notice that the theoretical results are close FIGURE 5 . Same as Fig. 2 together and provide a suitable description of the literature in a general sense. However, we have observed differences between theoretical and literature cross sections for 8 Li + 9 Be reaction. We consider that this is due to the approaches applied in the theoretical calculations and the structural differences of nuclei.
In this study, one of the main objectives is to derive the imaginary potential sets. These potential sets are necessary to describe various nuclear interactions of 8 Li with more different target nucleus and energies. In this context, the imaginary potential sets are derived by using the imaginary potential parameters obtained from the theoretical analysis of the elastic scattering cross sections of the 8 Li nucleus from 7 Li to 208 Pb target nuclei at various incident energies. These 
